or acute fatty liver of pregnancy. This type is associated with the increased activity of placental vasopressinase, the activity of which is strongly elevated (up to 300 times) due to the reduction of its hepatic degradation [4, 5] . This type usually does not recur in the following pregnancies [4, 5] . The second type affects women with partial defect of vasopressin secretion. These women, who do not experience any symptoms of DI before pregnancy, suddenly, particularly within the second trimester, observe a massive increase in diuresis [2, 6] . This type results from a pregnancy-induced increase in the degradation of vasopressin, the reserves of which are insufficient [2, 6] . Finally, the third type of pregnancy-induced DI is associated with abnormally high levels of both vasopressin and prostaglandin E 2 , and probably results from inhibiting by this second agent vasopressin action at the level of its receptor [4, 6] .
The major form of treatment of this disease is administering desmopressin. Exogenous vasopressin is not only often ineffective (fast degradation by placental increased activity of alanine and aspartate aminotransferase, and γ-glutamyl transpeptidase (γGT)) Total bilirubin was slightly increased. Total protein and albumin levels were reduced (Table 1) , despite clinical symptoms of dehydratation. Apart from reduced urine gravity (1.004) and urine osmolarity (84 mOsm/kg), no changes in urinalysis were found. Despite high plasma osmolarity (315 mOsm/kg), vasopressin levels were markedly reduced (0.41 pg/mL, normal limits: 0.6-4.5 pg/mL) ( Table 2 ). The 24-h urinary output was 14 L, while the oral fluid intake: 16 L. These symptoms suggested the presence of DI and therefore, an overnight water deprivation test was performed. The test lasting 11 hours was stopped because of three consecutive sampled differed by less than 30 mOsm/kg and owing to weight loss of 3%. At the end of this test urine osmolarity reached the value of 150 mOsm/kg, increasing after injection of 1 µg of desmopressin to 525 mOsm/ kg. Vasopressinase activity was 875U/L (normal limits for pregnant women: 75-280 U/L). T 1 -weighted MR images of the pituitary gland revealed the loss of hyperintensive signal of the posterior lobe, thickening of the pituitary stalk and unchanged the anterior lobe (Fig. 1) . Gradient-echo (GRE) T2-weighted imaging failed to show the reduction of signal intensity.
Endocrine evaluation revealed no pathological changes in the activity of the growth hormone-IGF-I axis, the hypothalamic-pituitary-thyroid axis and the hypothalamic-pituitary-adrenal axis (Table 2) . Plasma iron concentration and iron binding capacity were, respectively, 45 μmol/L (normal range: 10-40 μmol/L) and 39 μmol/L (normal range: 45-80 μmol/L). Plasma ferritin was raised (937 μg/L; normal range: 15-250 μg/L). Although the picture suggested hemochromatovasopressinase) and shows a short half-life, but also may affect uterine contractions [7] . Desmopressin by a selective influence on V 2 receptors does not increase blood pressure and uterine contractions and its half-life is about 12 hours [7] .
In this paper we present the case of gestational DI induced by hemochromatosis which occurred in two of three patient's pregnancies.
Case Report
A thirty-five-year-old female referred to our ward in the 28 week of her second pregnancy from another unit for further evaluation and treatment. The only health problem the patient had suffered from before gestation was long-lasting chronic rhinitis. Her first pregnancy, six years earlier was uneventful, and ended in term by spontaneous vaginal delivery. On admittance, she was asthenic, complained of polydipsia and polyuria with pronounced nocturia. Her skin and mouth were completely dry, the thyroid gland was not palpable and there was no galactorrhea. The liver was slightly enlarged (2 cm below the costal margin). Uterine size corresponded to the period of gestation. Blood pressure was 95/60 mmHg while heart rate 87 beats per minute. Laboratory data on admission were as follows: hematocrit: 47%, hemoglobin: 15.8 g/dL, erythrocytes: 5,100,000/mL, platelets 250,000/mL, leukocytes: 6,200/mL. Plasma sodium was elevated (148 mmol/L) while plasma potassium was within normal limits (3.5 mmol/L). Glycemia and plasma creatinine were normal, whereas the blood urea nitrogen was elevated (Table 1) . Biochemical investigations revealed mildly deranged liver function tests (slightly diagnosed, the consulting gastroenterologist stopped further administration of desferrioxamine, replacing it with phlebotomies, conducted twice weekly, together with infusions of crystalloids and colloids to replace lost fluids. The patient appeared at our department about the 24 week of her third pregnancy, when symptoms of overt DI, having, however, less intensity as in previous pregnancy (diuresis and fluid intake about 8-10 L). Mildly reduced levels of plasma vasopressin (0.55 pg/mL) were accompanied by vasopressinase activity moderately exceeding the upper normal limit (385 U/L). Therefore, treatment with oral desmopressin was again introduced but this time smaller doses of desmopressin (400 µg daily) were enough to avoid excessive diuresis and dehydratation, and to effectively control DI. In the 38th week she gave birth to another healthy infant. During several days after delivery the symptoms of DI disappeared, which enabled us to stop further treatment with desmopressin. Clinical improvement was paralelled by a normalization of plasma vasopressin content and a decrease in vasopressinase activity to the values observed in the non-pregnant state (1.1 U/L). Control MR of the pituitary revealed the presence of posterior pituitary bright spot. Presently, 2 years after the last delivery, the patient feels well and does not experience any symptoms of DI. sis, the patient, anxious regarding the exposure of the fetus on diagnostic procedures, decided to postpone the further diagnosis on the time after delivery. After establishing the diagnosis of DI the patient was given oral tablets of desmopressine acetate (Minirin) administered at starting doses of 200 µg at bedtime (to prevent nocturia), which had to be titrated up to 300 µg three times a day. Her sodium plasma levels started to decrease reaching the value of 140 mmol/L after 15 days, and this was accompanied by a normalization in urine volume. There was no uterotonic or other reactions to desmopressin, and enhanced thirst disappeared within several days. A week before the calculated term, she gave spontaneous birth to a fully developed baby. Two weeks after delivery symptoms of vasopressin deficiency disappeared, plasma vasopressin levels normalized (Table 2 ) and plasma vasopressinase activity decreased by more than 450 times (to 1.9 U/L) and therefore demopressin treatment was withdrawn. Liver biopsy, performed a month after delivery, revealed hemosiderosis of hepatic cells stained with Perls Prussian blue (Fig. 2) . The calculated hepatic iron index was 3.02 μmol/g/year (normal limits below 2.0). Final diagnosis of hemochromatosis was supported by finding the typical C282Y mutation of the HFE gene (Fig. 3) . The patients was prescribed with desferrioxamine (2 g daily subcutaneously) and a diet poor in iron was advised, which resulted in an improvement of patient's condition and normalization of the results of biochemical tests (including liver enzyme activities), and the treatment was continued for the following four years, until her next pregnancy. After pregnancy was secretion of vasopressin. The fact that urinary concentrating capacity was not corrected by supraphysiologic doses of exogenous desmopressin suggests a nephrogenic form of DI in this subject, supported by the presence of iron deposits in the tubular epithelium of distal urinary tubules and collecting ducts. Similar model of nephrogenic DI was experimentally induced in animals [14] . Therefore, we cannot exclude that resistance to vasopressin contributed to the pathogenesis of DI in our subject. However, the fact that desmopressin treatment restored normal diurnal urine loss indicates that the involvement of the renal resistance, if at all present, was very small. Although at first glance hemochromatosis-induced DI might result from the presence of iron deposits in the pituitary and stalk, this does not seem to be the case in our patient. We assume that DI in this subject resulted from enhanced breakdown of endogenous vasopressin resulting from disturbed liver degradation of vasopressinase. This explanation is supported by both laboratory and image findings. Vasopressinase activity was much higher in the discussed patient than observed in normal pregnancy. The anterior lobe of the pituitary gland was free from iron deposits on Gradient-echo (GRE) T2-weighted imaging, shown to be the most sensitive sequence for detecting excess pituitary iron deposition [15] . Moreover, hyperintense signal on T1-weighed MR images, absent because of markedly decreased vasopressin content, restored after delivery, suggesting at least a partial increase in vasopressin synthesis.
Desmopressin is resistant to ingestion by placental vasopressinase and therefore this agent seem to be more effective than unmodified vasopressin and therefore seem to be the treatment option of choice in pregnant women [7] . In most of so far described cases, subjects were treated with intranasal application of this agent, which seems to be safe, as no serious adverse effects on pregnancy, delivery and postpartum period and on the health's condition of both the mother and fetus were observed. In our patient we had to administered desmopressin by an oral route, because of chronic rhinitis, which disturbs its pharmacokinetics. Its safety and efficacy during two subsequent pregnancies clearly indicates that oral desmopressin may be considered an alternative to intranasal route of administration.
Despite DI in the second pregnancy, the patient conceived for the third time. What is more, DI in the subsequent pregnancy had a milder course, probably She receives 2 g of desferrioxamine daily in slow subcunaeous infusion by means of a portable infusion pump. On desferrioxamine treatment, which is well tolerated, liver biochemistry and ultrasonography are normal.
Discussion
This report describes for the first time hemochromatosis patient who developed gestational DI during two following pregnancies.
Although it cannot be completely excluded that DI simply coincided with hemochromatosis, this situation is rather unlikely. Firstly, taking into account the frequency of DI (1:30,000) [2, 3] and hemochromatosis (1:300) [8, 9] in the American population the probability of their coincidence is assessed on 1 case per 9,000,000. In fact, this probability is even much lower, as more than 90 percent of all individuals suffering from hemochromatosis are males, while the frequency of hemochromatosis in Poland is less than in the United States. Secondly, no transient DI was observed in the patient's first pregnancy, when she did not experience any symptoms of hemochromatosis. Thirdly, the intensity of DI in the second pregnancy was higher than during the third one, probably because during the former she was unaware of hemochromatosis, while before and during the third gestation hemochromatosis was effectively treated with desferrioxamine and phlebotomies.
Interestingly, the presence of hemochromatosis is associated with various endocrine abnormalities, including diabetes mellitus, adrenal insufficiency, hypothyroidism, hypoparathyroidism, DI, hypogonadotropic hypogonadism and testicular atrophy [10] . There are some pieces of evidence that iron deposits may concentrate in the anterior lobe of the pituitary [11, 12] , disturbing hypophyseal hormone synthesis and release [10] . In our patient we did not observe any disturbances in the release of TSH, ACTH, gonadotropins, GH and prolactin, when assessed after pregnancy and lactation. Although it was not the case in our subject, it is possible that secondary adrenal insufficiency may mask the symptoms of DI, explaining poverty of data on the occurrence of DI in hemochromatosis.
To the best of our knowledge our patient is the first one with hemochromatosis who developed vassopressin-dependent DI. In literature, there is only one report of nephrogenic DI in a male patient with hemochromatosis. In the study by Okumura et al. [13] , the authors observed persistent polyuria despite accurate basal ery after treatment with oral desmopressin. This indicates that hemochromatosis complicated by DI, if effectively diagnosed and treated, cannot be regarded as a contraindication for pregnancy.
